The title complex crystallizes in the polar monoclinic space group C2. The octahedrally coordinated Mn atoms are bridged by sulfate anions and bpe ligands to form two-dimensional sheets with (4 2 ·6 3 ·8) topology. This polar complex displays ferroelectricity with a remanent polarization (2P r ) of ca. 0.5779 µC cm −2 , a coercive field (2E c ) of 8.8 kV cm −1 , and a saturation of the spontaneous polarization (P S ) of ca. 0.4177 µC cm −2 . The magnetic behavior of the title complex suggests significant antiferromagnetic coupling interactions between Mn(II) ions bridged by sulfate anions. Furthermore, the title complex was subjected to elemental analysis, IR spectroscopic measurement and thermal analysis.
Introduction
Metal-organic frameworks (MOFs) have been actively investigated because of not only their intriguing topological variety but also their potential applications in fields such as gas storage, separation, optics, and catalysis [1 -3] . The structural types are totally dependent on metal ions with various coordination abilities, organic spacers with different binding sites, lengths, and directions. In this regard, organic linkers with N-or O-donor atoms have been often explored to produce a great number of MOFs with interesting structures and properties [4 -6] . Among them, one of the most successful approaches has exploited bi-functional ligands such as 4,4'-bipyridine (bpy) and trans-1,2-bis (4-pyridyl) ethene (bpe) as linkers for the construction of solid phases with diverse topologies [7 -10] . These bidentate organic ligands usually act as rigid joints linking the metal sites into polymeric cationic chains. Such chain structures can be further elaborated to form two-and/or threedimensional polymers through other connections. The doubly charged sulfate anion may act not only as a charge-compensating and space-filling agent, but also as a ligand to metal sites which can effectively participate in the interconnection of such chains giving rise to unusual structural types [11 -13] . In recent years, some examples of polymeric species containing both SO 2− 4 anions and bpe ligands have been reported, including one-dimensional, two-dimensional and three-dimensional structures [14 -16] . We are currently searching for novel coordination polymers based on bi-functional N-containing ligands [17, 18] . In the present contribution, we report the synthesis and characterization of a new mixed sulfate-and trans-1,2-bis(4-pyridyl)ethane-bridged Mn(II) polymer, Mn(H 2 O) 2 (bpe)(SO 4 )]·H 2 O.
Results and Discussion

Description of the crystal structure
The asymmetric unit of the title complex consists of one Mn(II) cation, one bpe ligand, one sulfate anion, two aqua ligands and one water molecule (Fig. 1) . The Mn atoms are octahedrally coordinated by two N atoms from bridging bpe ligands occupying the axial (Table 1) , respectively, exhibiting considerable deviation from the ideal values (90 • , 180 • ) for a regular octahedron, which indicates that the coordination polyhedron of the Mn(II) ions is slightly distorted. The bpe molecule exhibits the trans-conformation, and it acts as a bis-monodentate ligand connecting the Mn(II) ions to form -bpe-Mn-bpe-chains. Bond lengths and angles of the neutral bpe ligand agree well with those reported [19] . Each SO 2− 4 anion provides two O atoms to bridge these chains to form sheets parallel to (001) (Fig. 2) . The bipyridyl-bridged Mn(II) chains cross each other through sulfate zigzag bridging. The Mn· · · Mn separation is 5.988(2)Å through the sulfate ligands, and 13.911(2)Å through the bpe ligands. The Mn atoms can be treated as four-connected nodes, and the sulfate ligands and bpe ligands regarded as twofold connectors. As a result, the sheet [Mn(H 2 O) 2 (bpe)(SO 4 )] n represents a (4 2 ·6 3 ·8)topologyofSratype.Thewatermoleculesand SO 2− 4 anions link the adjacent sheets through O-H· · · O hydrogen bond interactions to form a three-dimensional supramolecular network (Fig. 3) . The O· · · O distances are in the range from 2.795(7) to 2.929(8)Å.
Thermal analysis
As shown in Fig. 4 , the DTA curve of the title complex exhibits five endothermic peaks at 72, 117, 252, 368, and 842 • C and one exothermic peak at 515 • C. The TG curve shows that the title complex decomposes in three steps. The first step marks two continuous endothermic dehydrations with a weight loss of 15 % from room temperature to 150 • C corresponding to the calculated value of 14 % for two moles of aqua ligands and one water molecule. The weight loss of 48 % in the second step between 140 and 385 • C is in good agreement with the value of 47 % calculated for the loss of the bpe ligand. The intermediate may be " MnSO 4 ". Upon further heating, the weight of the brown residue remaining after heating above 850 • C is 18 %, close to the calculated value of 19 % for a mole of Mn 2 O 3 (space group Ia3) which was identified by PXRD.
Magnetic properties
The temperature dependence of the magnetic susceptibility χ m of the title complex was investigated in the range 2 -300 K with an applied field of 1 kOe (Fig. 5) . Upon cooling the sample, the χ m value increases, reaching a maxium of 0.60 cm 3 K mol −1 at 2 K. The room-temperature value of χ m T is 3.78 cm 3 K mol −1 , smaller than the expected value (4.37 cm 3 · K · mol −1 ) for one non-interacting Mn(II) center with S = 5/2. The χ m T value decreases upon lowering the temperature to reach a value of 1.20 cm 3 K mol −1 at 2 K, indicating the occurrence of an antiferromagnetic interaction between the manganese(II) ions. The χ m can be fit to the CurieWeiss equation χ m = C/(T − Θ ) with the Curie constant C = 4.20(2) cm 3 K mol −1 and a Weiss constant of Θ = − 4.54(6) K. The small negative Weiss constant also suggests weak antiferromagnetic interactions between the nearest neighbor Mn atoms. Since bpe is a long bridging dipyridinic ligand, which is only able to propagate very weak antiferromagnetic interactions between the metal centers, the magnetic coupling between the Mn(II) ions is probably achieved only through the bridging sulfate groups, giving a 1D magnetic ineraction. Owing to the very weak magnetic interactions between the ions, the expression in Eq. 1 is corrected using the molecular field approximation (Eq. 2), to which the present measured magnetic susceptibility data are fitted [20] . 
Ferroelectric properties
It is well known that a non-centrosymmetric crystal structure is a prerequisite for many technologically im-portant properties such as ferroelectricity and secondorder nonlinear optical behavior [21] . The space group C2 (C 3 2 ) belongs to one of the 10 polar crystallographic point groups [1 (C 1 ), 2 (C 2 ), m (C s ), mm2 (C 2v ), 3 (C 3 ), 3m (C 3v ), 4 (C 4 ), 4mm (C 4v ), 6 (C 6 ), 6mm (C 6v ); Hermann-Mauguin notation, Schoenflies notation in parentheses], a prerequisite for ferroelectricity. Its ferroelectric properties were examined. Experimental results indicate that there exists an electric hysteresis loop that is a typical ferroelectric feature (Fig. 6) . A remanent polarization 2P r = 0.5779 µC cm −2 , a coercive field 2E c = 8.8 kV cm −1 , and a saturation of the spontaneous polarization P s = 0.4177 µC cm −2 have been determined. The P s value is slightly higher than that of the typical ferroelectric compound Rochelle salt ( NaKC 4 H 4 O 6 ·4H 2 O, P s = 0.25 µC cm −2 ), but significantly smaller than that found in KH 2 PO 4 (ca. 5 µC cm −2 ).
Conclusion
In summary, we have synthesized a new two-dimensional sheet coordination polymer, a Symmetry transformations used to generate equivalent atoms: #1 = −x + 3/2, y + 1/2, −z + 2; #2 = x − 1/2, y − 1/2, z; #3 = −x + 3/2, y + 1/2, −z + 1; #4 = −x + 3/2, y − 1/2, −z + 1; #5 = x, y + 1, z. pyridyl)ethene ligands into layers, corresponding to the Schläfli symbol 4 2 · 6 3 · 8. The preliminary experimental results show that the title complex is a potential candidate for ferroelectricity. Using this synthetic approach will provide us with a potential route to prepare other novel coordination polymers with interesting structures, topologies and properties.
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Experimental Section
Materials and physical methods
All chemicals of reagent grade were commercially available and used without further purification. The C, H, N and S microanalysis was performed with a Perkin Elmer 2400II CHNO/S elemental analyzer. The FT-IR spectrum was recorded from KBr pellets in the range 4000 -400 cm −1 on a Shimadzu FTIR-8900 spectrometer. Thermogravimetric measurement was carried out from r. t. to 900 • C on preweighed samples in an air stream using a Seiko Exstar 6000 TG/DTA 6300 apparatus with a heating rate of 10 • C min −1 . The temperature-dependent magnetic susceptibility was determined with a Quantum Design SQUID magnetometer (Quantum Design Model MPMS-7) in the temperature range 2 -300 K with an applied field of 1 kOe (1 kOe = 7.96 × 10 4 A m −1 ). The ferroelectric property of the solidstate sample was measured on a pellet of a powdered sample 1
0.0629 / 0.1751 GoF (F 2 )
1.110 Flack parameter 0.00(4) ∆ρ fin (max / min), eÅ −3 0.70 / −0.54 using a Premier station ferroelectric tester at room temperature while the sample was immersed in insulating oil.
Synthesis of [Mn(H 2 O) 2 (bpe)(SO 4 )]·H 2 O
Under stirring, 0.169 g (1 mmol) MnSO 4 ·H 2 O was dissolved in 30 mL C 2 H 5 OH − H 2 O mixed solvent (v/v = 1 : 1), then 0.182 g (1 mmol) trans-1,2-bis(4-pyridyl)ethene was added. The resulting mixture was stirred at 70 • C for 15 min and filtered, and the filtrate then allowed to stand at room temperature. Slow evaporation for one day afforded yellow block-shaped crystals (yield: 68 % based on the initial MnSO 4 input). The phase purity of the crystalline product was checked by comparing an experimental powder X-ray diffraction (PXRD) pattern with the one simulated on the basis of the single-crystal data (Fig. 7) . The slight differences in intensities between the experimental and calculated spectrum may be due to a preferred orientation of the crystalites. -Anal. for C 12 
Crystal structure determination
Powder X-ray diffraction measurements were carried out with a Bruker D8 Focus X-ray diffractometer to check the phase purity. Single-crystal X-ray diffraction data were collected on a Rigaku R-Axis Rapid X-ray diffractometer operating with graphite-monochromatized MoK α radiation (λ = 0.71073Å). A suitable single crystal was selected under a polarizing microscope and fixed with epoxy cement on a fine glass fiber which was then mounted on the diffractometer for cell determination and subsequent data collection. The data are corrected for Lp and absorption effects. The programs SHELXS-97 and SHELXL-97 were used for structure solution and refinement, respectively [22 -24] . The structure was solved by using Direct Methods, and all non-hydrogen atoms were located in subsequent difference Fourier syntheses. After several cycles of refinement, all hydrogen atoms associated with carbon atoms were geometrically generated, and the rest of the hydrogen atoms were located from successive Difference Fourier syntheses. Finally, all non-hydrogen atoms were refined with anisotropic displacement parameters by full-matrix least-squares techniques and hydrogen atoms with isotropic displacement parameters set to 1.2 or 1.5 times of the values for the associated heavier atoms. The crystal structure contains solvent-accessible voids of 217Å 3 , but showed no residual electron density in the voids. This might indicate that the crystal lost its solvent of crystallization without collapse of the structure. Detailed information about the crystal data and structure determination is summarized in Table 2. CCDC 926061 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
